Background
Introduction
Acute airway infections are common causes of early childhood hospitalization. Among these infections, acute bronchiolitis is a viral infection commonly encountered in infants and toddlers with acute symptoms of wheezy cough and dyspnea [1, 2] . In addition, an increasing trend in medical visits and total hospitalizations along with the diagnosis of bronchiolitis has been reported in young children in recent decades [3, 4] . Asthma is a severe form of hyperactive airway disease which may present as an acute attack or chronic persistent pattern, and the influence on daily activities can be a serious problem. The clinical symptoms of wheezing and dyspnea in acute asthmatic attacks are similar to acute bronchiolitis. Therefore, whether there is a relationship between bronchiolitis and later childhood asthma, and even adulthood asthma has been investigated for many years [5] [6] [7] [8] [9] . It has been reported that recurrent wheezing, reduced pulmonary function, and the development of later asthma may occur in young children with bronchiolitis [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , however there is currently no conclusive evidence [24, 25] .
In addition to bronchiolitis, other acute airway infections are not unusual in hospitalized infants and toddlers. Airway inflammation caused by infections may also be related to later childhood asthma. Elucidating the potential relationship between childhood asthma and various kinds of acute airway infections occurring in infants and toddlers is therefore warranted.
Taiwan 0 s National Health Insurance Research Database (NHIRD) includes comprehensive claims data from the National Health Insurance (NHI) program. This program covers more than 99.5% of residents in Taiwan, and children younger than 18 years of age account for approximately 23% of the whole population in Taiwan [26] . The NHIRD provides reliable data for population-based disease research [27] [28] [29] [30] . These datasets contain aggregated secondary data without personal identification, including patient 0 s age, gender, admission date, discharge date, diagnosis, expenses, laboratory examination items, detail drug prescription codes and operational codes [31] . They have been used in extensive medical research fields from neonates to adults [26] [27] [28] [32] [33] [34] [35] [36] [37] [38] . It is trustworthy to analyze the population-based relationship between early acute airway infections and later childhood asthma development using these datasets. We hypothesized that children with a history of early hospitalization due to acute airway infections may have a higher risk of childhood asthma. The purpose of this study was to analyze the relationship between early hospitalization due to acute airway infections, including acute bronchiolitis and other airway infections, in children younger than 3 years of age and subsequent childhood asthma when they are 3 to 10 years of age.
Materials and Methods

Study population
Claims data from the Longitudinal Health Insurance Database (LHID) 2010 of the National Health Insurance Research Database (NHIRD) of Taiwan between 1997 and 2010 were retrieved for analysis and comparisons. The LHID 2010 includes claims data of 1,000,000 randomly sampled beneficiaries from the 2010 registry of beneficiaries from the NHIRD. There are no significant differences in age distribution, gender distribution, or average insured payroll-related amount between the patients in the LHID 2010 and the original NHIRD according to the Bureau of National Health Insurance (NHI) in Taiwan [39, 40] . This study was approved by the Institutional Review Board of Taipei Veterans General Hospital, Taipei, Taiwan (VGHIRB No.:2013-06-011BC). There was no consent given because the data were analyzed anonymously and no personal information could be connected in this study.
Information of children younger than 36 months who were hospitalized from 1997 to 2000 were retrieved, and those diagnosed with acute bronchiolitis and other acute airway infections on discharge were enrolled into our study group. The diagnostic codes were based on the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes, including acute bronchiolitis (466.1), and other acute airway infections (464.1-464.5, 466.0, and 480-486) ( Table 1 ) [41] . The children in the control group were selected from the remaining patients during the same enrollment period who did not have any admission records or outpatient records of the above diagnoses. We randomly enrolled four times the number of age-and gender-matched children for the control group for comparisons. The exclusion criteria were a diagnostic record of asthma (ICD-9-CM: 493) at age younger than 3 years. The remaining children were grouped into hospitalized airway infection (HAI) and control groups, and the HAI group was further sub-grouped into bronchiolitis and other HAI subgroups (Fig 1) . The basic data of the enrolled children, including age and gender were recorded and analyzed. Data on potential comorbidities including preterm (ICD-9-CM: 765), congenital heart disease (CHD) (ICD-9-CM: 745, 746, 747), congenital respiratory disease (ICD-9-CM: 748), and chronic lung disease (ICD-9-CM: 770.7) were also retrieved. Each child was then individually tracked by medical care records from 3 to 10 years of age. The record of a diagnosis of asthma (ICD-9-CM: 493) from the admission datasets ( 1 admission with discharge diagnosis of asthma) or outpatient datasets were recorded and analyzed. The diagnosis of asthma in the outpatient dataset was included only if they had 4 or more records of visits due to asthma, and having used one of the following anti-asthmatic medicines at each visit: adrenergics (Anatomical Therapeutic Chemical (ATC) codes: R03A, R03C), xanthines (R03DA), or steroids/β2 agonists (R03BA, R03AK06, R03AK07). The age at first diagnosis of asthma between 3 to 10 years was defined as the age at onset. Medical care conditions including ambulatory visit frequency, admission frequency, admission diagnosis, and medical expenses between 3 to 10 years of age were also retrieved and compared among groups.
Data analysis
The dataset from the NHIRD was retrieved using Microsoft SQL Server 2008 R2 for database decoding, and SPSS (version 19, SPSS Inc., Chicago, IL, USA) was used for data analysis. SigmaPlot 12.0 (Systat Software Inc. San Jose, CA, USA) and SPSS were used to create graphical representations. One way ANOVA followed by post hoc Student Newman Keul or t tests were used to compare means of continuous variables as appropriate, and the chi-square test was used to compare categorical data among different groups. Logistic regression modeling was used to analyze odds ratios (ORs) of the study group compared to the control group. Kaplan-Meier survival analysis with the log rank test, Breslow test, and Tarone-Ware test was used to compare the cumulative asthma event-free ratios of the enrolled children among different groups. For time-to-event analysis of the longitudinal follow-up, Cox regression analysis was performed to analyze hazard ratios between any two groups. A two-sided p value of less than 0.05 was considered to determine statistical significance. 
Results
A total of 4,967 young children hospitalized with acute airway infections were identified, and we identified another 19,868 age-and gender-matched children for comparison. After excluding those with an early (< 36 months of age) diagnosis of asthma, there were 3,264 children in the HAI group, including 1,981 children with bronchiolitis and 1,283 children with other HAIs, and 18,527 children in the control group (Fig 1) . There were more boys than girls in each group. The mean age of the children at first diagnosis of bronchiolitis was significant younger than that in the other HAI subgroup (p < 0.001) and the mean index age of control group at enrollment (p < 0.001) ( Table 2) .
With regards to the occurrence of asthma at 3 to 10 years old, there were 530 (16.2%) children diagnosed with asthma in the overall HAI group, which were significantly higher than the proportion of the control group (11.7%) (p < 0.05). The mean ages of the children diagnosed with asthma in the bronchiolitis and other HAI subgroups were both significantly younger than in the control group (p < 0.001). Although there were still more boys than girls in each group, the proportion of male children was significantly lower in other HAI subgroup (57.5%) than control group (65.0%) ( Table 2) .
Most cases of asthma were diagnosed when they were 3 to 5 years old (approximately 78% in both HAI subgroups, and 69% in the control group) ( Table 2) , and the proportion of cases was markedly higher in both HAI subgroups than the control group at 3 years of age (Fig 2) . The control group had the highest asthma event-free rate and the bronchiolitis subgroup had the lowest rate over time. There were significant differences in the asthma event-free rates during the 8 years of follow-up among the 3 groups (Fig 3) (p < 0.05). The time-to-event analysis showed that the hazard ratios were 1.583 (95% CI: 1.414-1.772), and 1.226 (95% CI: 1.053-1.428) in the bronchiolitis and other HAI subgroups compared to the control group, respectively. In addition, the hazard ratio of the bronchiolitis subgroup compared to the other HAI subgroup was 1.228 (95% CI: 1.075-1.542). Therefore, the risk of developing asthma at an age of 3-10 years was significantly higher in the bronchiolitis subgroup and the lowest in the control group, and the other HAI subgroup had a medium risk. The ORs, adjusted for age and gender, of the children with early HAI for the occurrence of childhood asthma at an age of 3-10 years (p < 0.05) and of 3-5 years (p < 0.001) were significantly higher than in the control group for both bronchiolitis and other HAI subgroups (Table 3) . Between the ages of 6-10 years, only the children with bronchiolitis still had a significantly higher OR compared to the control group (p = 0.018). For each potential comorbidity, the ORs of the study groups with regards to preterm, congenital respiratory disease, or chronic lung disease did not significantly differ from the control group (all p > 0.05). However, a significantly higher OR for the children with CHD in the bronchiolitis subgroup was noted at an age of 3-5 years compared to the control group (p = 0.008) ( Table 3 ).
The analysis of subsequent medical care requirement of the enrolled children at an age of 3-10 years also showed significantly higher rates of total hospitalizations, ambulatory visits, and medical expenses for children with HAI, including both subgroups, compared to the control group (all p < 0.01) ( Table 4 ). In each patient with asthma, the number of admissions with a diagnosis of asthma was significantly higher in the bronchiolitis subgroup (p < 0.001) than the control group, but not in the other HAI subgroup (p > 0.05) ( Table 4 ). Comparing both Table 3 . Adjusted odds ratios of children with early hospitalized airway infections (HAIs) (< 3 years) and childhood asthma (3-10 years), and those with combined comorbidities of preterm birth, congenital heart disease, or congenital respiratory diseases compared to the control group. HAI subgroups, the children in the bronchiolitis subgroup had a higher number of hospitalizations due to asthma, higher number of ambulatory visits, and overall medical expenses than the other HAI subgroup at age 3 to 10 years (all p < 0.01) ( Table 4 ).
Discussion
The results of this study showed a significantly higher occurrence of childhood asthma in children who were hospitalized at an early age (< 3 years old) due to acute airway infections, including both bronchiolitis and other acute HAIs. Furthermore, we also demonstrated that most cases of asthma developed in children aged 3-5 years, the presence of CHD increased the risk in children with bronchiolitis, and the risk of early bronchiolitis was higher than other HAIs. Viruses are the leading causes of acute lower respiratory tract infections in young children, and respiratory syncytial virus (RSV) has been reported to be the most common pathogen [1, 42] . Previous investigations have mostly focused on the role of RSV infection-associated bronchiolitis and the development of later childhood asthma [10, [12] [13] [14] [15] [16] [17] [18] [19] [20] 25] , however some studies have also reported the influence of non-RSV viruses [23, [43] [44] [45] [46] . The current study investigated the potential influence of relatively severe acute airway infections in children requiring hospitalization regardless of the causal organisms, and we found that acute airway infections other than bronchiolitis also increased the risk of subsequent childhood asthma. This suggests that attention should be paid to young children hospitalized for different types of acute airway infections due to the possibility of later childhood asthma.
Previous investigations on the epidemiology of bronchiolitis in Taiwan have demonstrated that bronchiolitis in young children occurs all year round with two slight peaks in spring and autumn [11, [47] [48] [49] , and this is different from North America and Europe where a predominant peak is noted in winter [1, 2, 23] . Ethnic and environmental differences may exist, however published reports tend to show a higher likelihood of developing asthma or recurrent wheezing in children who suffer from early bronchiolitis in many countries [11, 12, 14, 21, 23, 45, 50, 51] . Therefore, the risk of developing asthma in children with early airway infections seems a general phenomenon, and our results also support this phenomenon in children living in Taiwan. With regards to the age at onset, our results showed that most cases of childhood asthma were initially diagnosed when the children were 3-5 years old, regardless of whether their initial problems were bronchiolitis, other HAIs, or neither of these (Table 3 ). In particular, there were significantly more cases of asthma in both HAI groups than in the control group at 3 years of age (Fig 2) . This means that children with early HAIs are more likely to suffer from an earlier onset of childhood asthma.
Sigurs et al. reported that the development of asthma, recurrent wheezing or impaired pulmonary function is more common in children with RSV-infected bronchiolitis [13] [14] [15] [16] . However, some meta-analyses have reported no significant differences compared to control groups in children older than 5 years [52] [53] [54] . In the current study, we only analyzed the development of childhood asthma. Although the ORs of the bronchiolitis subgroup at an age of 6-10 years were still significant (p = 0.018), they were not as high as in those between 3-5 years (Table 3 ). In addition, in the other HAI group, the risk of asthma was not higher than the control group at an age of 6-10 years. These findings suggest that infection-associated airway hyperactivity may gradually resolve as the children grow older and their airways become larger.
Prematurity, CHD, and chronic lung disease have been reported to be potential risk factors for severe bronchiolitis in early childhood [55] . In children born prematurely, the risk of developing childhood asthma was reported to be higher than full-term children [56, 57] . Our study demonstrated that early HAI would not further increase the risk of developing asthma in preterm-born children, nor would the children with CRD or CLD. In children with CHD, the relationship to childhood asthma was rarely reported [58] . Our results revealed that the occurrence of bronchiolitis in children with CHD significantly increased the risk of developing asthma at age 3-5 years. Therefore, children with CHD and who suffer from bronchiolitis should be followed carefully for the potential risk of developing later childhood asthma, and their parents should be informed about this.
Genetic factors have been reported to be associated with early bronchiolitis and later asthma in children [59, 60] . In the current study, we focused on the association between severe airway infections and later asthma in children living in Taiwan. However, we lacked data to compare genetic differences, and further investigations are warranted to elucidate this issue.
Comparing the bronchiolitis and other HAI subgroups at an age of 6-10 years, we demonstrated higher odds ratios, more medical care requirement, and a higher number of hospitalizations due to asthma in the children with bronchiolitis (Tables 3 and 4 ). These findings suggest that bronchiolitis may have a more severe influence on airways than other HAIs, although both conditions can increase the risk of later asthma development at an age of 3-5 years. Thus, we suggest pediatricians to pay more attention to children suffering from bronchiolitis for the development of later childhood asthma up to 10 years of age.
Considering the cause and effect relationship between early HAIs and later childhood asthma, there may be some possibilities. For one thing, children with asthmatic characteristics may have susceptible airways and be easier to get HAIs during early childhood. For another thing, early HAIs in little kids may influence their airway development, and further increase the risk of developing asthma during later childhood. These two mechanisms may be synergistic. The present study is only an observation using claims data, so it is not easy to elucidate the causeeffect relationship. A further study on this issue will be necessary in the future.
There are some limitations to the present study. The main limitation is that NHIRD is derived from claims data of medical care providers in the NHI program, but the laboratory data and patients 0 history were not included. Therefore, accurate viral or bacterial diagnoses could not be obtained, and we could not further evaluate the influence of microbial patterns in childhood asthma. We also could not evaluate the role of other potential confounding factors, such as patients 0 birth weight, presence of older siblings, maternal smoking, family circumstances, etc. In addition, the diagnosis of asthma was based on the diagnostic codes of the in-and outpatients claims data without supporting evidence of pulmonary function tests.
Conclusions
Young children hospitalized with bronchiolitis or other HAIs during the first 3 years of life may have a higher risk of developing childhood asthma at age 3 years or older, and require more medical care and expense in the following years. The parents of children with HAIs at age 0-2 years should be informed that there is a higher incidence of childhood asthma and that they should see a physician upon signs of obstructive airway disease, especially in children with bronchiolitis and underlying CHD, and at an age of 3 to 5 years.
